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 Background: Synovial fluid culture (SFC) is recommended as one of the major diagnostic criteria by the Musculoskeletal 
Infection Society (MSIS) for diagnosing periprosthetic joint infection (PJI). Local anesthetic agents are used for 
anesthesia and analgesia in some clinical settings to relieve pain. As a local anesthetic, lidocaine is safely used 
in arthrocentesis to obtain synovial fluid. The goal of this study was to determine if infiltration anesthesia with 
additive-free lidocaine 2% has antibacterial effects that might interfere with subsequent SFC.

 Material/Methods: Eight isolates of reference strains of Staphylococcus aureus, Staphylococcus epidermidis, Staphylococcus hom-
inis, Escherichia coli, Klebsiella pneumoniae, Acinetobacter baumannii, Streptococcus pyogenes, and Candida al-
bicans were incubated on the plates. Each bacterial suspension was formed by 50-fold dilution before the test 
lidocaine 2% was added. For each strain, bacterial suspension was divided into 2 groups (5 samples each) ex-
posed either lidocaine 2% or sterile non-bacteriostatic 0.45% saline. The antimicrobial property of lidocaine 2% 
was determined by measuring the bacterial density on agar plates incubated for 24 h and comparing it with 
controls unexposed to lidocaine 2%.

 Results: Exposure to lidocaine 2% negatively affected microbial viability in vitro. Of the lidocaine 2% exposure, refer-
ence strains but no Streptococcus pyogenes strain resulted in fewer colony-forming units compared with the 
sterile saline control. The antibacterial property of lidocaine 2% appears to affect the ability to culture the or-
ganism in synovial fluid.

 Conclusions: Lidocaine 2% has strong antimicrobial activities against some commonly encountered bacterial strains in PJI. 
As a result, infiltration anesthesia with additive-free lidocaine 2% before the arthrocentesis procedure may af-
fect the results of SFC. To further evaluate its potential antibacterial usefulness in clinical applications, studies 
are needed to assess the ability of lidocaine to reduce the risk of iatrogenic infections.

 MeSH Keywords: Anti-Bacterial Agents • Bacterial Infections • Colony Count, Microbial • Culture • Lidocaine • 
Synovial Fluid

 Full-text PDF: https://www.medscimonit.com/abstract/index/idArt/908585

Authors’ Contribution: 
Study Design A

 Data Collection B
 Statistical Analysis C
Data Interpretation D

 Manuscript Preparation E
 Literature Search F
Funds Collection G

1 Department of Orthopedics, General Hospital of Chinese People’s Liberation 
Army, Beijing, P.R. China

2 Department of Clinical Microbiology, General Hospital of Chinese People’s 
Liberation Army, Beijing, P.R. China

3 Intensive Care Unit, Nanyuan Hospital, Beijing, P.R. China

e-ISSN 1643-3750
© Med Sci Monit, 2018; 24: 448-452 

DOI: 10.12659/MSM.908585

448
Indexed in: [Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]  
[ISI Journals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]  
[Chemical Abstracts/CAS]

LAB/IN VITRO RESEARCH

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)



Background

Periprosthetic joint infection (PJI) is a catastrophic complica-
tion following total joint arthroplasty (TJA), which accounts 
for 15% of failed hip arthroplasties and 25% of failed knee ar-
throplasties [1]. However, the nonspecific symptoms and test 
results make the diagnosis of PJI quite challenging [2]. In the 
management of PJI, the ability to identify septic and aseptic 
failures of the prosthesis would be critical for the surgeon in 
deciding on optimal treatment of PJI [3]. Notably, isolation of 
bacteria from synovial fluid or periprosthetic tissue is essen-
tial to determine antimicrobial susceptibilities of the organ-
isms. Furthermore, identifying bacteria could help individually 
prepare the antibiotic-loaded bone cement spacer for perform-
ing a 2-stage exchange arthroplasty [4–6].

The microbiological analysis of synovial fluid and peripros-
thetic tissue, the hematology, and imaging tests are impor-
tant routines for diagnosing PJI, but some of these results are 
nonspecific and nonsensitive for PJI. To address the inconsis-
tency of different tests for diagnosing PJI, the first guideline 
as a reference for the diagnosis of PJI was published in 2010 
by the American Academy of Orthopedic Surgeons (AAOS), 
which states that joint aspiration should be performed when 
the ESR and CRP are elevated [7]. Moreover, in 2011, the 
Musculoskeletal Infection Society (MSIS) renewed this with a 
consensus statement providing a concise definition of PJI [8]. 
As one of the major diagnostic criteria in MSIS, the microbio-
logical diagnosis of PJI performed by analyzing synovial fluid 
culture (SFC) or periprosthetic tissue culture is recommend-
ed. However, the definitive diagnosis of PJI remains difficult, 
and is mainly characterized by technical limitations and un-
satisfactory results of culture.

Synovial fluid is commonly obtained by arthrocentesis, which 
is an essential medical procedure for the diagnosis and treat-
ment of joint diseases [9]. However, the procedure may re-
quire local anesthesia to relieve pain. According to the re-
sults of earlier studies, several local anesthetics with various 
contents were found to have antibacterial activity [10–12]. 
However, their antibacterial effects only occur at higher dos-
es [13]. Thus, their main effects are used instead of their an-
tibacterial activity in daily clinical practice, especially in local 
application for anesthesia.

As a local anesthetic, lidocaine is already used before the pro-
cedure of arthrocentesis. Based on reports on the properties of 
lidocaine against some bacteria in vivo and in vitro, its use in 
microbiological sampling can pose a problem by causing false-
negative results [14–17]. Based on the literature, we hypoth-
esized that the results of SFC are adversely affected by use of 
lidocaine for local anesthesia. To date, there are no findings 
of whether lidocaine affects SFC in diagnosing PJI. Thus, we 

designed an in vitro study to mimic the clinical situation with 
regard to isolates exposed to solutions of lidocaine 2%. The 
purpose of this study was to determine if lidocaine 2% inter-
feres with the ability to culture the pathogenic bacteria com-
monly encountered in PJI.

Material and Methods

To preliminarily examine the concept that lidocaine can pro-
duce false-negative results of SFC, an in vitro experiment was 
performed to test the antibacterial properties of lidocaine 2% 
on common PJI pathogenic bacteria. The bacteria used in this 
study were 8 isolates of reference strains of Staphylococcus 
aureus (SAU) (ATCC 25923), Staphylococcus epidermidis (SEP) 
(ATCC 14990), Staphylococcus hominis (SHO) (ATCC 27844), 
Escherichia coli (ECO) (ATCC 11775), Klebsiella pneumoniae (KPN) 
(ATCC 13883), Acinetobacter baumannii (ABA) (ATCC 19606), 
Streptococcus pyogenes (SPY) (ATCC 12344), and Candida al-
bicans (CAL) (ATCC 90028; all originally from the American 
Type Culture Collection, Manassas, VA). The experiment quan-
tified the density of bacteria on agar plates. Colony-forming 
units (CFU) were counted and results are expressed as CFU/
ml for samples.

We performed 10-fold, 25-fold, 50-fold, and 100-fold dilutions, 
and quantitatively cultured 10 μl of the resultant fluids by plat-
ing onto Mueller Hinton (MH) agar (bioMerieux) plates to es-
timate the density before the test lidocaine 2% was added. 
We prepared an optimal inoculum size of 3×106 colony-form-
ing units (CFU)/ml. This was achieved by culturing the bacte-
ria overnight on blood agar, China blue agar, and Sabouraud’s 
agar plates at 35°C (Streptococci were cultured in a CO2-rich at-
mosphere). All cultures were then diluted with sterile non-bac-
teriostatic 0.45% saline to achieve a 0.5 McFarland standard 
of approximately 1.5×108 CFU/ml, which were then diluted to 
reach a final concentration of approximately 3×106 CFU/ml. This 
was achieved by diluting 100 μl of the 0.5 McFarland standard 
with 4.9 ml of sterile saline by using a sterile pipette and its tip.

Quantitative culture was performed on each bacterial suspen-
sion to which lidocaine 2% was added. In addition, as a control 
group, a sample of each bacterial suspension was unexposed 
to lidocaine 2% and was plated onto MH agar (bioMerieux) and 
MH agar with 5% sheep blood (bioMerieux) (for SPY) plates 
for 24 h at 35°C (SPY in CO2-rich atmosphere). The sample of 
each bacterial suspension in either exposed groups or unex-
posed groups was incubated on 5 agar plates.

The concentration of lidocaine was chosen to simulate clin-
ical practice and circumstance in our center. Tests with lido-
caine were prepared by modifying previously described meth-
ods [18,19]. Initially, 2 polystyrene tubes for each isolate were 
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prepared, one containing 100 μl lidocaine and 600 μl bacterial 
suspension (3×106 CFU/ml), and the other containing 100 μl 
sterile saline and 600 μl bacterial suspension (3×106 CFU/ml). 
Then, the tubes were mixed for 1 min and the resultant sus-
pensions of 10 μl were inoculated onto MH agar plates and in-
cubated for 24 h at 35°C (SPY in a CO2-rich atmosphere). After 
incubating on the agar plates for 24 h, colonies were counted 
by 2 independent researchers.

Statistical analysis

SPSS 17.0 software (IBM, Chicago, IL) was used to compare 
data among groups. Data are presented as mean ± standard 
deviation for continuous variables. These data included in vitro 
CFU counts of the lidocaine group and control group, compared 
using the t test or the Mann-Whitney U test. Values of P<0.05 
were considered significant for all statistical comparisons.

Results

Quantitative culture of ATCC strains quantified the density of 
bacteria on agar plates. Exposure to lidocaine 2% decreased 
microbial viability except for the SPY strain. With regard to lido-
caine 2%, a test with sterile saline as a growth control showed 
no antibacterial effect (Figure 1). Quantitative culture of SAU, 
SEP, SHO, ECO, KPN, ABA, SPY, and CAL exposed to lidocaine 
2% showed an estimated mean bacterial density (± standard 
deviation) of (6.74±0.40)×104, (0.19±0.08)×104, (2.29±0.33)×104, 
(2.83±0.51)×104, (1.57±0.26)×104, (3.15±1.80)×104, 
(17.5±0.83)×104, and (0.32±0.29)×104 CFU/ml, respectively. 
Mean bacterial density on agar plates in the unexposed con-
trols were (9.11±0.99)×104, (4.93±0.37)×104, (5.02±0.59)×104, 
(4.44±0.90)×104, (5.79±1.56)×104, (8.83±1.52)×104, 
(15.84±1.54)×104, and (0.86±0.11)×104 CFU/ml, respective-
ly (Table 1).

When exposed to lidocaine 2%, there was a very rapid and sig-
nificant reduction of all test strains except for SPY within 24 
h compared with saline controls (P<0.05) (Figure 1). SAU, SEP, 
ABA, and KPN were the most susceptible bacteria with a sig-
nificant reduction within 24 h (P<0.01). Inhibition of CAL, ECO, 
and SHO was also assessed at 24 h of exposure, with signifi-
cant inhibition of these strains within 24 h (P<0.05). Only SPY 
was less susceptible when exposed to lidocaine 2% after 24 h, 
with no significant reduction shown on the plates (P=0.1164).

Discussion

Surgeons use local anesthetic agents like lidocaine for anes-
thesia and analgesia in some minor surgical interventions. 
Local anesthetic agents possess antimicrobial properties [20]. 
Earlier studies have demonstrated that the antibacterial effects 
of local anesthetic agents are related to changes in permea-
bility of membrane properties of bacteria, inhibition of mem-
brane-bound enzymes and protein RNA and DNA synthesis, 
alterations in characteristic ultrastructure, and lysis of proto-
plasts [13,21]. Results in the present study showed that from 
lidocaine 2% exposure, reference strains but no SPY strain re-
sulted in lower numbers of colony-forming unit compared with 
the sterile saline control. We conclude that 2% lidocaine has 
strong antimicrobial activities against some commonly en-
countered bacterial strains in PJI.

Lidocaine is a local anesthetic agent with known antibacterial 
activity [19,22–24]. Miller et al. [14] reported that bacteriologic 
investigation of samples taken during dermal and subdermal 
minor surgical interventions can lead to false-negative results 
when lidocaine is used for these procedures. Stratford et al. [25] 
found a 70% decrease in bacterial density when lidocaine in-
jected in infiltrative form was inoculated into the area. Based 
on these studies, our experiment also used lidocaine in liq-
uid form, applied by infiltrative injection. Our purpose was 
not to show the possibility of using lidocaine as an antibiotic 
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Figure 1.  The mean density of bacteria 
incubated on agar plates was 
quantified after 24 h (and standard 
deviation). * P<0.05 and ** P<0.01 
for the difference between lidocaine 
2% and sterile saline 0.45% group 
as shown by the t test or the Mann-
Whitney U test. CFU – Colony-forming 
unit, SAU – Staphylococcus aureus; 
SEP – Staphylococcus epidermidis; 
SHO – Staphylococcus hominis; ECO 
– Escherichia coli; KPN – Klebsiella 
pneumoniae; ABA – Acinetobacter 
baumannii; SPY – Streptococcus 
pyogenes; CAL – Candida albicans.
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but, rather, to test whether it had any antimicrobial effects 
and provided false-negative results in SFC for diagnosing PJI.

With lidocaine 2% versus sterile saline controls, we found sig-
nificant reduction of bacterial density on MH agar plates in-
cubated at 35°C for 24 h, except for a single reference strain 
of SPY, which was not decreased after 24 h of incubation. The 
additive-free lidocaine 2% solution appears to have certain an-
timicrobial effects. Our results are consistent with an often-
cited study by Schmidt et al. [15], who found an 80.1% inhi-
bition of the 1219 clinical bacterial isolates from 28 different 
species when exposed to lidocaine 2% in vitro at 37°C after 
18–24 h of incubation. Moreover, SAU was found to be totally 
resistant to lidocaine 1%, but we found a visible reduction of 
SAU in lidocaine 2% after 24 h. This difference may be due to 
the absence of culture medium and the low concentration of 
lidocaine. As in a study of the antibacterial properties of lido-
caine, the minimal inhibitory concentration (MIC) of lidocaine 
toward any of the tested bacteria has been determined to not 
be below 0.5% [26]. In contrast to our study, they found SPY 
to be the most susceptible bacterium, with a total sensitivity 
to lidocaine 2%. In other studies, SPY was demonstrated to 
be susceptible in lidocaine 1%, with only a 2-h survival [19]. 
Similarly, the MIC of lidocaine in culture media was found to 
be 2% for SPY [27]. However, our results confirm that lido-
caine 2% did not affect SPY, which was previously reported 
to be resistant to several local anesthetic agents and chemi-
cal disinfectants [12]. Again, culture media and culture condi-
tions may have contributed to the differences.

As mentioned above, the results of bacterial reduction found 
at 37°C were almost the same as we found at 35°C; there-
fore, temperature does not seem to affect the antimicrobial 
property of lidocaine 2%. Lidocaine was shown to have con-
centration-dependent antibacterial activity in some ex vivo 

experiments [13,23,28]. Nevertheless, the present study did 
not attempt to test whether antimicrobial effect varied with 
different concentrations, so a single concentration of lido-
caine used routinely in our department was chosen in order 
to mimic clinical practice of synovial fluid sampling. Lidocaine, 
a well-known local anesthetic for local infiltration anesthesia 
in many conditions, such as arthrocentesis, percutaneous tis-
sue biopsy, and minor surgical interventions, may have anti-
microbial activity with the use of its routine concentration, as 
in our study. Thus, lidocaine 2% may be inappropriate for the 
preparation of synovial fluid sampling, even though the addi-
tive-free solution is only used to anesthetize the skin, subcu-
taneous tissues, and capsule, and very little if any is injected 
into the joint. In addition, the procedures of infiltration anes-
thesia and synovial fluid sampling are also performed in se-
quence without changing the needle, so lidocaine residue in 
the needle tubing can become mixed into the synovial fluid 
used for culturing. Therefore, the warnings of antibacterial 
activity stated in lidocaine must be taken into consideration, 
especially in the preparation of synovial fluid sampling. From 
the aforementioned findings, we also hypothesized the anti-
bacterial property of lidocaine 2% may have a positive side-
effect in reducing the potential risk of septic arthritis posed 
by tissue coring with epidermis and dermis into the joint dur-
ing arthrocentesis. However, whether lidocaine 2% helps to 
prevent such an iatrogenic infection caused by breaking the 
integrity of the dermis remains to be investigated in further 
clinical studies.

The present study is limited by using a single local anesthet-
ic with a single concentration, lidocaine 2%, at a level consis-
tent with clinical use. Based on our literature review, there 
is no study on the antibacterial effects of lidocaine and SFC. 
Because the solution is used in local infiltration anesthesia, we 
added a sample of the additive-free lidocaine 2% to the tube 

Reference strain Lidocaine 2% Sterile saline 0.45% P value

SAU 6.74±0.40 9.11±0.99 <0.01#

SEP 0.19±0.08 4.93±0.37 <0.01#

SHO 2.29±0.33 5.02±0.59 <0.05#

ECO 2.83±0.51 4.44±0.90 <0.05#

KPN 1.57±0.26 5.79±1.56 <0.01#

ABA 3.15±1.80 8.83±1.52 <0.01#

SPY 17.5±0.83 15.84±1.54 0.1164

CAL 0.32±0.29 0.86±0.11 <0.05#

Table 1. Bacterial density on agar plates in exposed groups and control groups* (×104 CFU/ml).

* Data are mean ± standard deviation. CFU – Colony-forming unit; SAU – Staphylococcus aureus; SEP – Staphylococcus epidermidis; 
SHO – Staphylococcus hominis; ECO – Escherichia coli; KPN – Klebsiella pneumoniae; ABA – Acinetobacter baumannii; 
SPY – Streptococcus pyogenes; CAL – Candida albicans. # Significant.
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containing bacterial suspension; therefore, the form and con-
centration of lidocaine used in this study were very close to 
our clinical usage. Thus, we do not think this limitation ren-
ders our results unreasonable.

Conclusions

The colonies of viable bacteria measured for lidocaine 2% in-
dicate the antibacterial property of this agent in vitro. As the 
bacterial density incubated in this study was supra-physio-
logical, we have good reason to believe that lidocaine 2% has 

strong antibacterial effects against the common PJI pathogen-
ic bacteria in clinical applications. Therefore, we conclude that 
infiltration with additive-free lidocaine 2% before synovial flu-
id sampling for culture may be a potential factor affecting the 
results of SFC. On the other hand, for it to be considered for 
the preparation of other clinical interventions like joint injec-
tion, further investigations are needed to demonstrate wheth-
er lidocaine reduces the risk of iatrogenic infection.
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